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We study the effect of isospin degree of freedom on balance energy throughout the mass range 
between 50 and 350 for two sets of isotopic systems with N/Z = 1.16 and 1.33 as well as isobaric 
systems with N/Z = 1.0 and 1.4. Our findings indicate that different values of balance energy for 
two isobaric systems may be mainly due to the Coulomb repulsion. We also demonstrate clearly 
the dominance of Coulomb repulsion over symmetry energy. 
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I. INTRODUCTION 



The investigation of the system size effects in various 
phenomena of heavy-ion collisions has attracted a lot of 
attention. For example, in the low-energy regime where 
phenomena like fusion, fission, cluster radioactivity, for- 
mation of super heavy nuclei, etc. ^] , take place, the con- 
tribution of the Coulomb force toward barrier has been 
reported to scale with the mass and charge of the col- 
liding nuclei [2|. Similarly, the system size dependences 
have been reported in various other phenomena like par- 
ticle production, multifragmentation, collective flow (of 
nucleons/fragments) , density, temperature and so on. 
For instance, in Ref. [3] the power law scaling (oc A'^) 
of pion/kaon production with the size of the system has 
been reported. Similar power law behavior for the sys- 
tem size dependence has been reported for the multiplic- 
ity of various types of fragments also [4j . The collective 
transverse in-plane flow which reflects the competition 
between attractive and repulsive interactions has been 
investigated extensively during the past three decades 
and has been found to depend strongly on the combined 
mass of the system Isj in addition to the incident energy 
p, 0| as well as colliding geometry [3] . The energy de- 
pendence of collective transverse in-plane flow has led us 
its disappearance. It has now been well established that 
there exists a particular incident energy at which the at- 
tractive and repulsive parts of nuclear interactions coun- 
terbalance each other and the net flow disappears. This 
energy has been termed as the balance energy (Ebai) or 
the energy of vanishing flow (EVF) [3, Q • ^bai has been 
found to depend strongly on the combined mass of the 
system. A power law mass dependence (oc A"^) of Ebai 
also has been reported |1CHL3| . Earlier power law param- 
eter T was supposed to be close to -1/3 (resulting from 
the interplay between attractive mean field and repul- 
sive nucleon-nucleon (nn) collisions) [lOj, whereas recent 
studies showed a deviation from the above-mentioned 
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power law |lll4l4l where r was close to -0.45. Recently 
Sood and Puri |12| , reported the power law mass depen- 
dence oc 1/VA for heavier nuclei which suggested the 
increasing importance of the Coulomb interactions. An- 
other interesting study of the mass dependence of density 
and temperature reveals that the maximum temperature 
is insensitive toward the combined mass of the system, 
whereas maximum density scales with the size of the sys- 
tem [1^. However, Sood and Puri [16] recently suggested 
the power law mass dependence for the temperature at 
Ebai , which was later confirmed experimentally by Wang 
et al. [17]. In another study Sood and Puri [13] studied 
the effect of momentum-dependent interactions (MDI) on 
the collective flow as well as its disappearance through 
out the mass range (from ^^C + ^^C to ^'^'^ Au + ^'^'^ Au). 
They found that the impact of MDI differs in lighter nu- 
clei as compared to the heavier ones. 

With the availability of high intensity radioactive 
beams at many facilities [18|, the effects of isospin de- 
gree of freedom in nuclear reactions can be studied in 
more details over a wide range of masses at different in- 
cident energies and colliding geometries. Such studies 
can help to isolate the isospin dependent part of the nu- 
clear matter equation of state (EOS) which is vital to un- 
derstand the astrophysical phenomena such as neutron 
stars, supernovae explosions, and so on. In our recent 
communication [l^, we have studied the ^bai for ^^Ni 
+ ^^Ni and ^^Fe + ^^Fe data ^. Our calculations are 
able to reproduce the experimental data within 3% on 
the average over all colliding geometries (guided by Ref. 
[20|). The good agreement of our calculations with the 
data motivated us to study the isospin effects on the Fi^ai 
throughout the mass range. It is worth mentioning here 
that the isospin-dependent quantum molecular dynam- 
ics (IQMD) model has also been able to reproduce the 
other data (e.g. high-energy proton spectra, gamma pro- 
duction) in the incident energies relevant in this article 
[2l|,|22]. The present aim is atleast twofold. 

(1) To study the effect of isospin degree of freedom on 
the Filial throughout the mass range. 

(2) As reported in literature, the isospin dependence of 
collective flow has been explained as the competition 



among various reaction mechanisms, such as nucleon- 
nucleon colhsions, symmetry energy, surface property of 
the colliding nuclei, and Coulomb force. The relative im- 
portance among these mechanisms is not yet clear [23j. 
In the present study, we aim to shed light on the rel- 
ative importance among the above-mentioned reaction 
mechanisms by taking pairs of isotopic as well as isobaric 
systems throughout the mass range. Section II describes 
the model in brief. Section III explains the results and 
discussion and Sec. IV summarizes the results. 



II. THE MODEL 

The present study is carried out within the framework 
of IQMD model ^i^. In the IQMD model, each nu- 
cleon propagates under the influence of mutual two- and 
three-body interactions. The propagation is governed by 
the classical equations of motion: 
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where H stands for the Hamiltonian which is given by: 
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The V^^'^, F/"*^, V^°'^\ V^'^\ and y/^" are, respec- 
tively, the Skyrme, Yukawa, Coulomb, momentum de- 
pendent interactions (MDI), and symmetry potentials. 
The MDI are obtained by parameterizing the momen- 
tum dependence of the real part of the optical potential. 
The final form of the potential reads as [25| 
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Here i4 = 1.57 MeV and is = 5 x IQ-^MeV-^. A pa- 
rameterized form of the local plus MDI potential is given 

by 

U^a(j-\+pf-^y+ SIuMpIp^?'^ + 1]P/P0. (4) 
The parameters a, /3, 7, (5, and e are listed in Ref [25|. 



III. RESULTS AND DISCUSSION 

For the present study, we simulate the vari- 
ous reactions in the incident energy range between 
40 and 150 MeV/nucleon in small steps of 10 
MeV/nucleon. In particular, we simulate the reactions 
26Mg-h26Mg, 65Zn-h65Zn, ^iMo-h^^Mo, "^Xe-h^^Xe, 
i64os+i64os having N/Z = 1.16 and reactions 
28Mg+28Mg, 70zn+70Zn, ^^Mo-I-SSMo, I26xe+i26xe, 



and ^^^Os-|-^^^Os having N/Z = 1.33, respectively, at 
semicentral impact parameter range 0.35 - 0.45. The N/Z 
for a given pair is varied by adding the neutron content 
only keeping the charge fixed, so that the effect of the 
Coulomb potential is same for a given mass pair. How- 
ever this will lead to the increase in mass for systems with 
higher neutron content. In Ref. [231 j there is evidence 
that N/Z is an order parameter. We use a soft equation of 
state with MDI labeled as SMD. We also use anisotropic 
standard isospin- and energy dependent nucleon-nucleon 
cross section a — 0.8 ctnn^^'"^- The details about the 
elastic and inelastic cross sections for proton-proton and 
proton- neutron collisions can be found in Ref. [2J, |23] . 
The cross sections for neutron-neutron collisions are as- 
sumed to be equal to the proton-proton cross sections. 
Some studies even took constant cross section 29] . It is 
worth mentioning that the results with the above choice 
of equation of state and cross section were in good agree- 
ment with the data [1^. The choice of reduced cross 
section has also been motivated by Ref. [30] as well as 
many previous studies ^ . In Ref. [l^ , we found the ef- 
fect of angular distribution of scattering cross sections on 
E&ai to be negligible. Recently, Sood and Puri [TJ have 
discussed the role of different cross sections on the Etai 
throughout the mass range between 47 and 394. They 
found the effect of different cross sections to be consis- 
tent throughout the mass range. The largest cross section 
gives the more positive fiow (hence smaller Et,ai) followed 
by the second lar gest cross section. Similar results were 
obtained in Ref. [T^. The reactions are followed until 
the transverse flow saturates. The saturation time varies 
form 100 fm/c for lighter masses to 300 fm/c for heavier 
masses. For the transverse flow, we use the quantity " di- 
rected transverse momentum (p*'')" which is defined as 
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where E(i) and p^(i) are, respectively, the energy and 
longitudinal momentum of i*^ particle. In this definition, 
all the rapidity bins are taken into account. 

In Fig. 1, we display the Yibai as a function of com- 
bined mass of the system for two sets of isotopic systems 
with different neutron content. Closed (open) circles rep- 
resent systems with less (more) neutron content. Lines 
are the power law fit oc A"^. As expected, both the sets of 
isotopic masses follow a power law behavior oc A'^ , where 
T — -0.44 ± 0.01 for systems with less neutron content 
(labeled as n.ie) and -0.42 ± 0.01 for systems with more 
neutron content (labeled as T1.33). Note that the values 
of ri.16 and T1.33 are very close to the previous values of 
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FIG. 1: F,bai as a function of combined mass of system. Var- 
ious symbols and lines are explained in the text. 
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T in Ref . [Ill] . Interestingly, isospin effects are not visible 
for any mass system. As reported in literature [20, |23| , 
system with more neutron content has higher Ef,ai which 
has been attributed mainly to the above-mentioned re- 
action mechanisms and to the fact that neutron-neutron 
or proton-proton cross section is a factor of 3 lower than 
the neutron-proton cross section. However, in our case 
system size effects seem to dominate the isospin effects 
throughout the mass range. It is worth mentioning that 
the effect of the Coulomb force is almost the same for a 
given pair of masses. 

As a next step, we take the pairs of isobars 
with N/Z = 1.0 and 1.4. We simulate the reac- 
tions 24Mg-H24j^g^ ssCu-K^^Cu, 72Kr+^2j^r, ^^Cd-h^^Cd, 
i2"Nd-h^2"Nd, i35Ho-h"5Ho, having N/Z = 1.0 and re- 
actions 24Ne-F24Ne, ssCr-h^^^Cr, ^^Zn-H^^Zn, 962j.+96Zr, 
I20gjj_^i20sn, and ^^^Ba+^^^Ba, having N/Z = 1.4, re- 
spectively. Here N/Z for a given pair is changed by 
varying both the proton and neutron content keeping 
the mass fixed. In Fig. 2(a), we display the E^ai as a 
function of combined mass of the system for the two sets 
of isobars. We also display the experimental data |2(j | 
and our corresponding theoretical calculations n^ (both 
displaced horizontally for clarity) in the range of collid- 
ing geometry used in the present study. Solid (open) 
stars represent the experimentally measured Ef,a/ for the 
reaction ^^Ni + ^^Ni {^^Fe + ^^Fe) having N/Z = 1.07 
(1.23) in the impact parameter bin 0.28 < b/b„iaj; < 0.39 
(guided by Ref. [20|)- Pentagons represent the corre- 
sponding results of our theoretical calculations. Clearly 
our results are in good agreement with the data. Our 
theoretical calculations are able to reproduce the experi- 
mentally measured E(,ai for both the systems. Solid and 
open green circles represent the ^tai for systems with less 
and more neutron content, respectively. Lines are power 
law fit ex A"^ . Interestingly, throughout the mass range, a 
more neutron-rich system has a higher Ebai- The calcu- 
lated Ef,a/ fall on the line that is a fit of power law nature 
(ex A^), where r = -0.45 ± 0.01 and -0.50 ± 0.01 for N/Z 
= 1.4 and 1.0 (labeled by T1.4 and ti.q), respectively. The 



FIG. 2: (a) E^ai as a function of combined mass of system, (b) 
The percentage difference AEi,ai{%) as a function of combined 
mass of system. Solid (open) symbols are for N/Z = 1.0 (1.4). 
Various symbols and lines are explained in the text. 



different values of r for two curves can be attributed to 
the larger role of Coulomb force in the case of systems 
with more proton (less neutron) content. Our value of 
ri.4 is equal/close to the value -0.45/-0.42 in Ref. [il[ 
both of which show deviation from the standard value 
~ -1/3 [10[ where analysis was done for lighter mass nu- 
clei only (< 200). However, when heavier systems like 
^^^La + ^^^La and ^^"^ Au + ^^'^ Au were included, r in- 
creased to -0.45 lUi], suggesting the increasing impor- 
tance of Coulomb repulsion. A further analysis in Ref. 
|12| showed that when only heavier nuclei were taken into 
account, the value of r increased to -0.53 which is very 
close to our value of tiq (-0.50) in the present case. Al- 
though the mass range in the present study and in Ref. 
[12| are differ substantially the present power law param- 
eter Ti.o is very close to the power law parameter of Ref. 
p^ which can be attributed to the extra Coulomb repul- 
sion in case of systems with more proton (less neutron) 
content as well as Ref. |12[- This indicates that the dif- 
ference in the Ebai for a given pair of isobaric systems 
may be dominantly due to the Coulomb potential, which 
is further supported by the fact that since both asym- 
metry energy and nucleon-nucleon cross section add to 
the repulsive interactions, so both lead to the reduction 
of Eba/. In systems with more neutron content, role of 
asymmetry energy could be larger, whereas effects due 
to isospin-dependent cross section could play a dominant 
role in systems with less neutron content (more proton 
content). Therefore, there is a possibility that the com- 
bined effect of asymmetry energy and cross section could 
be approximately the same for two isobaric systems with 
different neutron and proton content. 

To demonstrate the dominance of Coulomb, we have 
also calculated the ^bai throughout the mass range in 
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FIG. 3: (a) Etai as a function of impact parameter for system 
having mass 240 with N/Z = 1.0. 



the present study for isobaric pairs with Coulomb being 
reduced by a factor of 100. The results are displayed in 
Fig. 2(a) with solid and open (orange) diamonds repre- 
senting systems with less and more neutron content, re- 
spectively. Lines represent power law fit oc A"^. One can 
clearly see the dominance of Coulomb repulsion in both 
the mass dependence as well as in isospin effects. The 
value of ri.4 and ri.o are now, respectively, -0.28 ± 0.02 
and -0.25 ± 0.02. There is large enhancement in the Fi^ai 
for medium (eg. s^Cu-t-^^Cu) and heavy (i^ONd-t-^^ONd) 
mass systems thus reducing the value of both ti.q and 
ri.4. The effect is small in lighter masses (^^Mg-|-^'*Mg). 
One should also note that when we have full Coulomb 
included in our calculations, for medium and heavy mass 
systems, Ebai is less for systems having more proton (less 
neutron) content. However, the trend is reversed when 
we reduce the Coulomb. Now the systems with more neu- 
tron content have less Ebai- This is because of the fact 
that the reduced Coulomb repulsion leads to higher E^ai ■ 
As a result, the density achieved during the course of 
the reaction will be more due to which the impact of the 
repulsive symmetry energy will be more in neutron-rich 
systems, which in turn leads to less T^tai for neutron-rich 
systems and hence to the opposite trend for ri.4 and ti.q 
for two different cases (Coulomb full and reduced). To 
check this point we have also calculated the Ebai by re- 
ducing the strength of both symmetry energy as well as 
Coulomb potential for isobaric pairs with combined mass 
of the system =116 and 270 (shown by blue triangles in 
Fig. 2(a)). We find that both the systems of a given iso- 
baric pair have same Ehai- The above discussion clearly 
points towards the dominance of Coulomb repulsion over 
asymmetry energy for medium as well as heavy mass sys- 



tems, whereas their impact is small in lighter masses. 

In Fig. 2(b), we display the percentage difference 
A-Eba;(%) between the systems of isobaric pairs as a 
function of combined mass of system where AEf,ai{%) — 

''"pi.u'"'' X 100. Superscripts to the Etai represent 

different N/Z. Half filled (green) circles are for full 
Coulomb and half filled (orange) diamonds are for re- 
duced Coulomb. Negative (positive) values of AEbai{%) 
shows that the Efcaj^^ is more (less) than Ef,a/^-^. From 
Fig. 2(b) (circles), we see that the percentage difference 
between the two masses of a given pair is larger for heav- 
ier masses as compared to the lighter ones. In lighter 
masses, the magnitude of Coulomb repulsion is small so 
there is small difference, whereas in heavier masses, due 
to the large magnitude of Coulomb repulsion, there is a 
large difference in the ^bai for a given pair of isobars. 
However, this trend is not visible when we reduce the 
Coulomb (diamonds). The values of AEi,ai{%) is almost 
constant for medium and heavy masses. 

In Fig. 3, we display the ^bai as a function of impact 
parameter for the system having mass 240 with N/Z = 
1.0. In the present case, the E^ai seems to decrease with 
increase in impact parameter (in contrast to earlier stud- 
ies where Etai increases with increase in impact parame- 
ter [lll[l3:[20l)' since at a higher impact parameter there 
will be large transverse flow of nucleons due to the dom- 
inant Coulomb repulsion. This could also play a part for 
larger difference in the Ehai at higher colliding geome- 
tries [1^, [20, [23] for systems with different neutron and 
proton content. It is worth mentioning that dominance 
of Coulomb repulsion in isospin effects has also been re- 
ported by Ref. 30]. 



IV. SUMMARY 

We have studied the effect of isospin degree of free- 
dom on the Efta; throughout the mass range for two sets 
of isotopic systems with N/Z = 1.16 and 1.33 as well as 
isobaric systems with N/Z = 1.0 and 1.4. Our results 
indicate that the difference between the Ebai for the two 
isobaric systems may be mainly due to the Coulomb re- 
pulsion. We have also shown clearly the dominance of 
Coulomb repulsion over symmetry energy. Our findings 
also point that the larger magnitude of isospin effects in 
Eftai at peripheral collisions as compared to central colli- 
sions may be dominantly due to the Coulomb repulsion. 

We thank R. K. Puri, C. Hartnack and J. Aichelin for 
useful suggestion and enlightening discussion. The work 
is supported by Indo-French project no. 4104-1. 



[1] R. K. Puri and R. K. Gupta, J. Phys. G: Nucl. Part. Phys. 
18, 903 (1992); ibtd., Phys. Rev. C 45, 1837 (1992); ibid., 
Eur. Phys. J. A 3, 277 (1998); ibid. 23, 429 (2005); S. S. 



Malik, S. Singh, R. K. Puri, S. Kumar, and R. K. Gupta, 
Pramana J. Phys. 32, 419 (1989); R. K. Puri, S. S. Mahk, 
and R. K. Gupta, Europhys. Lett. 9, 767 (1989). 



[2] 
[3] 
[4] 
[5] 

[6] 
[7] 
[8 

[lo; 

[11 

[12 
[13 

[14 

[15 

[16 

[17 
[18 



C. L. Jiang, B. B. Back, H. Esbensen, R. V. F. Janssens, 

and K. E. Rehm, Phys. Rev. C 73, 014613 (2006); N. G. 

Nicolis, Eur. Phys. J. A 21, 265 (2004). 

C. Sturm et ai, Phys. Rev. Lett. 86, 39 (2001); C. Hart- 

nack, J. Jaenicke, L. Shen, H. Stocker, and J. Aichelin, 

Nucl. Phys. A580, 643 (1994). 

J. Singh and R. K. Puri, Phys. Rev. C 65, 024602 (2002); 

S. Kumar, S. Kumar, and R. K. Puri, ibid. 78, 064602 

(2008); D. Sisan et a/., ibid. 63, 027602 (2001). 

C. A. Ogilvie et ai, Phys. Rev. C 40, 2592 (1989); B. 
Blattel, V. Koch, A. Lang, K. Weber, W. Gassing, and 
U. Mosel, ibid. 43, 2728 (1991); A. Andronic et ai, Phys. 
Rev. G 67, 034907 (2003). 

Q. Pan and P. Danielewicz, Phys. Rev. Lett. 70, 2062 
(1993); J. Lukasik et al, Phys. Lett. B608, 223 (2005); 
V. Ramillien et ai, Nucl. Phys. A587, 802 (1995). 
Y. Zhang and Z. Li, Phys. Rev. C 74, 014602 (2006); B. 
Hong et ai, Phys. Rev. C 66, 034901 (2000); L. Scalone, 
M. Golonna, and M. Di Toro, Phys. Lett. B461, 9 (1999). 
A. Bonasera and L. P. Gsernai, Phys. Rev. Lett. 59, 630 
(1987). 

D. Krofcheck et al, Phys. Rev. Lett. 63, 2028 (1989). 
V. de la Mota, F. Sebille, M. Farine, B. Remaud, and 
P. Schuck, Phys. Rev. G 46, 677 (1992); G. D. Westfall 
et ai, Phys. Rev. Lett. 71, 1986 (1993); A. Buta et al, 
Nucl. Phys. A584, 397 (1995). 

A. D. Sood and R. K. Puri, Phys. Rev. C 73, 067602 

(2006); D. J. Magestro et ai, Phys. Rev. C 61, 021602(R) 

(2000); D. J. Magestro, W. Bauer, and G. D. Westfall, 

Phys. Rev. G 62, 041603(R) (2000). 

A. D. Sood and R. K. Puri, Phys. Lett. B594, 260 (2004). 

A. D. Sood and R. K. Puri, Eur. Phys. J. A 30, 571 

(2006). 

A. D. Sood and R. K. Puri, Phys. Rev. C 69, 054612 

(2004). 

D.T. Khoa et ai, Nucl. Phys. A548, 102 (1992); R.K. 

Puri et al, ibid A575, 733 (1994); R.K. Puri, J. Singh, J. 

Aichelin, and A. Faessler, Horizon of Physics (Narosa, 

New Delhi, India). 

A. D. Sood and R. K. Puri, Phys. Rev C 70, 034611 

(2004). 

J. Wang et al, Phys. Rev. G 72, 024603 (2005). 

R. E. Laxdal, Nucl. lustrum. Methods B 204 

400 (2003); C. J. Gross et ai, Nucl. In- 

strum. Methods A 450, 12 (2000); See, e.g. 

|http://www. phy.ornl.gov/hribf/equipment /leribss/l 



See, e.g., http://www.nscl.msu.edUi See, e.g. 



|http://www.er .doe.gov/production/henp/isolpaper.pdf[ 

[19] S. Gautam, R. Ghugh, A. D. Sood, R. K. Puri, G. Hart- 

nack, and J. Aichelin, J. Phys. G: Nucl. Part. Phys. 37, 

085102 (2010); S. Gautam, A. D. Sood, R. K. Puri, G 



Hartnack, and J. Aichelin, International Symposium on 

Nuclear Physics, 2009, Vol. 54, p.454. 
[20] R. Pak et ai, Phys. Rev. Lett. 78, 1022 (1997); ibid. 78, 

1026 (1997). 
[21] M. Germain, G. Hartnack, J. L. Laville, J. Aichehn, M. 

Belkacem, and E. Suraud, Phys. Lett. B437, 19 (1998). 
[22] D. T. Khoa et al, Nucl. Phys. A529, 363 (1991); G. 

Q. Li, Y. Lotfy, S. W. Huang, and A. Faessler, J. Phys. 

G:Nucl. Part. Phys. 18, 291 (1992); S. W. Huang et al. 

Progress in particle and nuclear physics 30, 105 (1993). 
[23] B. A. Li, Z. Ren, G. M. Ko, and S. J. Yennello, Phys. 

Rev. Lett. 76, 4492 (1996); G. Liewen, Z. Fengshou, and 

J. Genming, Phys. Rev. G 58, 2283 (1998). 
[24] G. Hartnack et al, Eur. Phys. J. A 1, 151 (1998); G. 

Hartnack and J. Aichelin, Phys. Rev. G 49, 2801 (1994); 

G. Hartnack, J. Aichelin, H. Stocker, and W. Greiner, 

Mod. Phys. Lett. A 9, 1151 (1994). 
[25] J. Aichelin, Phys. Rep. 202, 233 (1991); D. T. Khoa et 

al, Nucl. Phys. A48, 102 (1992); Y. K. Vermani and R. 

K. Puri, J. Phys. G: Nucl. Part. Phys. 36, 10513 (2009); 

E. Lehmann, R. K. Puri, A. Faessler, G. Batko, and S. 

W. Huang, Phys. Rev. G 51, 2113 (1995). 
[26] J. Singh, S. Kumar, and R. K. Puri, Phys. Rev. G 62, 

044617 (2000), R. K. Puri and J. Aichelin, J. Gomput. 

Phys. 162, 245 (2000); Y. K. Vermani, J. K. Dhawan, 

S. Goyal, R. K. Puri, and J. Aichelin, J. Phys. G: Nucl. 

Part. Phys. 37, 015105 (2010); Y. K. Vermani, S. Goyal, 

and R. K. Puri, Phys. Rev. G 79, 064613 (2009); Y. 

K. Vermani and R. K. Puri, Europhys. Lett. 85, 62001 

(2009); A. D. Sood and R. K. Puri, Phys. Rev. G 79, 

064618 (2009). 
[27] M. Huang et al, Phys. Rev. G 81, 044618 (2010); ibid. 

81, 044620 (2010); ibid, arxiv:nucl-ex/1002.0311vl; Z. 

Ghen et al, arxiv:nucl-ex/1002.0319vl. 
[28] J. Gugnon, T. Mizutani, and J. Vandermeulen, Nucl. 

Phys. A352, 505 (1981). 
[29] S. Kumar, M. K. Sharma, R. K. Puri, K. P. Singh, and 

I. M. Govil, Phys. Rev. G 58, 3494 (1998); H. M. Xu, 

Phys. Rev. Lett. 67, 2769 (1991); B. A. Li, Phys. Rev. G 

48, 2415 (1993). 
[30] F. Baffin and W. Bauer, Effects of isospin asymmetry 

and in medium corrections on balance energy MSUL 111, 

arxiv:nucl-th/9809.024vl. 
[31] H. Zhou, Z. Li, Y. Zhuo, and G. Mao, Nucl. Phys. A580, 

627 (1994); J. Peter, Nucl. Phys. A545, 173c (1992); A. 

Ono, H. Horiuchi, and T. Maruyama Phys. Rev. G 48, 

2946 (1993). 
[32] E. Lehmann, A. Faessler, J. Zipprich, R. K. Puri, and S. 

W. Huang, Z. Phys. A 355, 55 (1996). 



